Korea has encountered the lowest birth rate in the world and the rapid increase in the number of preterm infants. The Korean Neonatal Network (KNN), launched by the Korean Society of Neonatology under the support of Korean Center for Disease Control collects population-based data for very-low-birth-weight infants (VLBWIs) born in Korea since 2013.
Introduction
In recent years, Korea has encountered two major health issues related to perinatal and neonatal care. The first issue is the extremely low overall birth rate (0.977 in 2018), which is the lowest recorded rate worldwide. The annual number of newborns in Korea is approximately 326,900 as of 2018, which is approximately a 50% reduction from 720,000 from 20 years ago, creating a difficulty in preparing for the national driving force of the future. 1) The second issue is the rapid increase in the number of high-risk infants born prematurely before 37 weeks of pregnancy as a result of the increasing age at marriage and pregnancy and the more frequent use of infertility procedures. 2) With the number of newborns decreasing every year coupled with the increasing number of high-risk newborns, such as premature infants, it has become crucial for the country's health sector to pay attention to the current situation.
Among premature infants, it is known that approximately 2,500 very-low-birth-weight infants (VLBWIs; birth weight < 1.5 kg) requiring neonatal intensive care are born every year. This is more than a two-fold increase from approximately 1,000 from 20 years ago. 3) Given the marked decrease in the total number of newborns, the overall number and ratio of VLBWIs have greatly increased.
Because they are considerably small and fragile, the probability of mortality and morbidity is high, so that their survival and prevalence rates are used to assess the quality of neonatal intensive care. 4) However, they correspond to approximately 1% of all newborn birth. To investigate and establish various proper measures for these small infants, collection of a large amount of data by nationwide and international neonatal networks is preferred over research efforts by a single institution.
Developed countries have been maintaining an active nationwide neonatal network under various governmental supports for decades, through which practical research with sufficient understanding of the national status of these high-risk newborns is being conducted to improve the level of their treatment.
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Korean Neonatal Network (KNN) update
The KNN was launched on April 15, 2013 by the Korean Society of Neonatology under the support of the Korean Center for Disease Control (KCDC). The KNN is composed of a web-based registry of VLBWIs through voluntary participation of hospitals nationwide. Registration servers and data storage are securely maintained at the KCDC. This provides the basis of facilitating multi-center clinical studies to collect national epidemiological data on VLBWIs and to improve their prognosis. 5) At present, 70 hospitals among nearly 100 neonatal intensive care units (NICUs) nationwide (Figure 1) are participating in the KNN, collecting data from 2,000 to 2,400 infants annually, which accounts for 70-80% of VLBWIs born each year. According to Statistics Korea, 357,771 infants were born in South Korea in 2017, of whom 2,530 (0.71%) were VLBWIs weighing less than 1.5 kg. 6) The 2,140 VLBWIs born in 2017 who were registered with the KNN had a considerably high demographic representation of 85% of all VLBWIs in Korea. 6) In addition, the KNN collects data on long-term prognosis and allows follow-up of VLBWIs for up to 3 years after registration, making it an important basis for establishment of short-and long-term healthcare policies. To date, the cumulative number of VLBWIs registered in the KNN exceeds 12,500, 7) and their long-term follow-up rate is about 70% at 18 to 24 months (2 years) and approximately 50% at 33 to 39 months after birth. 6) Through the accumulation of such a large amount of data, the KNN is expected to make a significant contribution to improving the level of Korean neonatal intensive care.
The KNN provides an annual overview adjusting for the prevalence and mortality rates in each institution in comparison to all the other participating hospitals, which helps compare and study the level and direction of treatment for VLBWIs for each institution; consequently, this would provide an important basis to improve the level of treatment quality. As such, the KNN provides the basis for quality improvement (QI) through feedback for each institution based on strict refinement of data and statistical analysis, selecting the benchmarking index and applying program development. The goal of expanding the application of the QI program of the KNN is to improve the quality of the nationwide neonatal intensive care. 5) 
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In addition, the KNN has been conducting various clinical studies with numerous subjects based on the accumulated information on VLBWIs in Korea, relating to both morbidity and mortality. The KNN has published approximately 20 international peer-reviewed journal papers to date and is still actively publishing high-quality papers, which plays an important role in the academic development of neonatology in Korea.
Moreover, the KNN is educating the public and raising awareness on treatment results, perception, long-term follow-up, and healthcare for VLBWIs by publishing an annual report for the general public as part of the annual reports published. By informing the public that VLBWIs require continued healthcare through follow-up at medical institutions for a certain period after being discharged from the NICU, the reports play a significant facilitating role in helping them to adapt and be cared for as healthy members of the country. These KNN activities can contribute to establishment of proper healthcare policies for high-risk newborns while providing necessary data through interaction with the government in the future.
Furthermore, the KNN plans to join the International Network for Evaluation of Outcomes of Neonates (iNeo), which is an international network collecting data on VLBWIs in 11 countries and 10 networks for newborns. By joining the iNeo, the KNN is expected to promote QI actively on a national level based on objectified international data and comparative analysis of factors, such as morbidity and mortality rates, among countries.
As such, the KNN plays an important role in Korean neonatology and in neonatal health; it can help formulate future plans that are crucial in addressing extremely low fertility rate, thereby achieving continuous and perpetual national support.
Short-term outcomes of VLBWIs in KNN
Preterm birth and the resulting complications are the leading causes of mortality in children younger than 5 years. 8) The complications in preterm infants require long-term healthcare beyond the neonatal period. 9) Therefore, it is an important task to manage and improve the neonatal outcomes of preterm infants in Korea, which had one of the lowest birth rates worldwide.
Recently, the KNN reported the findings of a population-based study conducted in Korea to evaluate the survival rate along with significant morbidities of VLBWIs. 10) This study included 8, 269 VLBWIs born at gestational age (GA) of  22 weeks or transferred within 28 days after birth to the participating NICUs of the KNN between January 2013 and December 2016. From 2013 to 2016, a total of 49, 55, 60, and 66 NICUs participated annually and registered 1,396, 2,123, 2,392, and 2,358
VLBWIs in the registry of the KNN, respectively. Of all the VLBWIs in this study, 35% were born as multiples, and 34% of their mothers were older than 35 years. Antenatal steroid was administered to 76% of their mothers, and 77% of the infants were born via cesarean section. Of their mothers, 8% and 21% had diabetes and hypertension, respectively, during pregnancy. The survival rate of all VLBWIs in this study was 86%; the rates were much lower in the infants with GAs of 22-23, 24-25, and 26-27 weeks (more immature VLBWIs) than in those with a GA  28 weeks (Table 1) . Of all the VLBWIs, 78% and 30% were diagnosed with respiratory distress syndrome (RDS) and moderate to severe bronchopulmonary dysplasia (BPD), respectively. The RDS rates decreased abruptly in the VLBWIs with GAs of 30-32 and >32 weeks. The BPD rates were much higher in the VLBWIs with GAs of 22-23, 24-25, and 26-27 weeks than in those with a GA of  28 weeks. Of the total VLBWIs, 7% were diagnosed with necrotizing enterocolitis (NEC), and 8% of them needed therapy for retinopathy of prematurity (ROP) in the NICU. The rates of NEC and treatment for ROP in the VLBWIs with a GA of 22-23 weeks were 20% and 20%, respectively, and decreased as the GA of the subgroups increased. Sepsis occurred in 21% of all VLBWIs during their stay in the NICU; specifically, the rates of sepsis of the VLBWIs with GAs of 22-23, 24-25, and 26-27 weeks were much higher than those of the VLBWIs with a GA of 28  weeks. Intraventricular hemorrhage (IVH;
A c c e p t e d A r t i c l e ≥ grade III) was diagnosed in 10% of all VLBWIs, and the IVH rates were much higher in the VLBWIs with GAs of 22-23, and 24-25 weeks than in those with a GA of  26 weeks. The neonatal outcomes of the VLBWIs enrolled in this study are shown in Table 2 . In this study, the survival rates of the VLBWIs with GAs of 22-23, 24-25, and 26-27 weeks were also much lower than those of the infants with a GA of  28-29 weeks. These prominent differences in the survival rate of the VLBWIs according to GA could also be found in the international comparison with the findings in other developed countries. The overall survival rates of the VLBWIs between 24 and 29 weeks of GA in the KNN was 84% and comparable with most of the rates in other countries; however, the overall survival rates of the less mature infants between 24 and 26 weeks of GA were much lower than those of infants in many other countries. 10) BPD, a representative chronic lung disease in newborn infants, results in higher mortality rates and more extended hospitalization stays. Infants with BPD have increased risks of cardiovascular impairment, pulmonary sequelae, growth failure, and neurodevelopmental delay. [11] [12] [13] The BPD rate of VLBWIs with a GA of 23-31 weeks increased from 17.8% in 2007-2008 to 33% in 2013-2014 in Korea. 14) Studies conducted in other countries also showed that an increase in the survival rate of infants with more immature GAs and lower birth weight, which are risk factors for BPD, leads to an inevitable rise in the rate of BPD. [15] [16] [17] [18] Despite improvements in the neonatal outcomes of VLBWIs, the survival and morbidity rates of more immature infants between 22 and 27 weeks of GA remain to be improved in Korea. Therefore, it is necessary to develop treatment strategies to improve the neonatal outcomes of VLBWIs in Korea.
Long-term outcomes of VLBWIs at the corrected 18-24months age in KNN
To evaluate the long-term outcomes, we reviewed registry data from the KNN collected for VLBWIs born between January 2013 and December 2014 in Korea. 19, 20) Based on the KNN data, a total of 2,660 VLBWIs were assessed for long-term study at the corrected 18-24 months of age. 21) A c c e p t e d
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The mean GA and birth weight were 29 1/7 ±2 6/7 weeks and 1,093±268 g in 2013 and 29 2/7 ±2 6/7 weeks and 1,125±261 g in 2014, respectively. The post-discharge mortality was approximately 1.2-1.5% mainly owing to underlying illness. The infants at the < 50 th percentile for height and head circumference accounted for more than half of the population of this study. Approximately half of the VLBWIs were readmitted to the hospital at least once in their first 1-2 years of life mostly as a result of respiratory illnesses. Further, surgery for underlying health issues such as inguinal hernia, required readmission in the first 1-2 years of life. The rate of the need for oxygen after discharge was 14-17% (Table 3) . Of the 2,660 infants, 2,028 (76.2%) were assessed at the corrected 18-24 months of age for cerebral palsy (CP) ( Table 3 ). The overall prevalence of CP was 6.2-6.6% in Korea from 2013 to 2014. value <0.001). However, in the infants at 36 weeks of GA who were born with severe intrauterine growth retardation weighing less than 1,500 g, the rate of CP increased up to 20% (Fig 2-3) . 21) Rehabilitative support after discharge was provided to approximately 35-38% of the VLBWIs and speech therapy to 5.1-5.7% at the corrected 18-24 months of age (Table 3) .
Regarding eye complications, blindness in both eyes was reported in 0.2-0.3% of the VLBWIs. The main ophthalmologic disorder in the VLBWIs was ROP which accounted for approximately 30-40%. Bilateral hearing loss was observed in 0.8-1.9%, and a hearing aid was needed in approximately 0.3-0.7% (Table 3) .
The follow-up rate for the Bayley Scale Infant Development Second Edition (BSID-II) was
low probably because milder cases that were not referred to rehabilitation facilities may be excluded. Only 631 (23.7%) infants were assessed. Of these, 55 (22.4%) infants in 2013 and
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A r t i c l e 45 (24.1%) infants in 2014 were at risk based on their mental developmental index (scores of <70); further, 63 (25.6%) infants in 2013 and 27 (14.4%) infants in 2014 were at risk based on their psychomotor developmental index. For the BSID-III, the follow-up rate was even lower; therein, 198 (7.4 %) infants were enrolled. Of these, 6 (7.8%) infants in 2013 and 5 (4.1%) infants in 2014 were at risk for cognitive developmental impairment; 5 (6.5%) infants in 2013 and 7 (5.8%) infants in 2014, for language developmental impairment; and 10 (13%) infants in 2013 and 4 (3.4%) infants in 2014, for motor developmental impairment among the VLBWIs at the corrected 18 months of age (Table 4 ).
Currently, the KNN is following up these VLBWIs at longer periods, which may provide information on additional and clearer relationships with long-term outcomes. In the future, it is also necessary to observe minor neurodevelopmental sequelae, such as cognitive deficits, academic under-achievements, 22) attention-deficit hyperactivity disorder, and emotional troubles, [23] [24] which may be missed to detect at the early stage of the corrected 18-24 months of age, for neurodevelopmental assessment.
Conclusions
Since its establishment in 2013, the KNN has been collecting data of VLBWIs in Korea and publishing annual reports and papers that provide an essential basis for QI and various clinical studies. Through these activities, the KNN helps facilitate improvement of the outcomes of VLBWIs in Korea and provides necessary data for formulating essential healthcare policies for newborns and premature infants in the future. Therefore, the KNN should be maintained and further developed to create populationbased, data-driven, and appropriate healthcare policies for high-risk infants. Furthermore, it can facilitate active neonatal multicenter research studies and QI for neonatal intensive care, therefore ultimately leading to improvement of the prognosis of high-risk newborns,
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including very preterm infants. Consequently, evidence-based neonatal medicine in Korea may be developed, which can reduce healthcare costs.
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